Graphene/ferromagnet interface promises a plethora of new science and technology. The 
been shown that graphene plays a key role in Rashba effect [5, 6] , enhancement of spin injection efficiency [35, 36] and quantum spin Hall effect [37] . Moreover, there is sufficient experimental evidence that the formation of graphene-metal contacts significantly modifies the electronic and/or magnetic properties of the interface and investigations related to charge transfer from metal to graphene have also been reported [38] [39] [40] . In addition, the weak spinorbit coupling (SOC) in sp 2 carbon also suggested that electron spin should be carried nearly unaffected over unprecedented distances, making feasible, practical applications of lateral spintronics [41, 42] . The in-plane sp 2 bonding is mainly responsible for the structural stability and mechanical strength of graphene, whereas out-of-plane pπ states control its transport and interfacial properties. Pioneering works initially resounded such high expectations [43] , while more recent experimental results have confirmed the potential of graphene for transporting spin signal at room temperature over tens of micrometers, which makes it a better candidate for technological realization [36, 44, 45] .
There is a recent report on the giant enhancement of PMA in Co-graphene heterostructures despite graphene having a small spin-orbit interaction, indicating the unusual nature of the graphene-FM interface [46] . A low-damage high-throughput grazing-angle sputter deposition on graphene has been successfully demonstrated [47] . However, the promotion of graphene-FM heterostructures for applications of spin-orbitronics has not been intensely started yet. Recently, Yang et al. have reported the observation of significant DMI at the graphene-FM interface by employing both first principle calculation and magnetic imaging experiments [48] . 20 , we establish that the DMI in this system arises from the defect induced spin-orbit coupling. This is further supported by a correlation between the DMI and spin-mixing conductance, both of which are related to spin-orbit coupling.
We have used high-quality commercial CVD graphene (from Graphenea) on a [14, 19, 20, 50] . To get well defined BLS spectra for the larger incidence angles, the spectra were obtained after counting photons for several hours. We have also performed FMR measurements for calculating effective damping parameter (α eff ) and spinmixing conductance (g ↑↓ ) using a co-planer waveguide (CPW) based broadband FMR set-up for excitation frequencies of 2−12 GHz.
The magnetization hysteresis loop measured by vibrating sample magnetometer (VSM) at room temperature for the film stacks NiFe (10 nm)/Ta (2nm) and Gr/NiFe (10 nm)/Ta (2nm) are shown in Figure 1 (a) and 1(b), respectively. It is observed that the value of saturation magnetization (M s ) in sample with graphene is little lower while the coercivity is a bit higher than the reference sample (without graphene underlayer). corresponds to the defects induced due to sputter deposition of NiFe/Ta bilayer, which is well known and appears due to intervalley scattering [47] . The Dꞌ peak observed in Fig 
where M z denotes the magnetization along applied magnetic field. Fig. 2(b) . For clarity, anti-Stokes side of BLS spectra for oppositely oriented magnetic fields are shown with the corresponding Lorentzian fits. By looking at these BLS spectra, it is evident that the frequency difference between counter propagating spin waves (∆f), which is the measure of the strength of iDMI, decreases with increasing t (NiFe thickness). In the case of t = 3 nm, ∆f ≈ 0.24 GHz which is reasonably large for graphene/NiFe/Ta system. In addition, typical BLS spectra for reference sample (NiFe (3 nm)/Ta (2 nm)) is also presented in the lower panel of heterostructures, which we will attribute to the extrinsic spin-orbit coupling arising due to the presence of defects in graphene after FM/Ta deposition. In our case, conduction electron mediated Rashba-DMI mechanism may play a minor role as described recently by Yang et al.
for graphene/FM systems as the thickness of the NiFe layers used in our experiment is much above the monolayer of NiFe [48] . Table I . This observed behaviour can be explained by taking into 9 account of the impact of Ar neutral atoms similar to Chen et al., where a similar increase of I D /I G ratio was found with Ar pressure [47] . The increase of defects with Ar pressure is also expected to give rise to a defect induced extrinsic spin-orbit coupling. In fact, theoretical calculations showed that sp 3 distortion induced by an impurity can lead to a large increase in the spin-orbit coupling in graphene [51] . There are also several experimental reports that
show the presence of spin-orbit coupling in graphene by hydrogenation, fluorination or the presence of adatoms [52] [53] [54] . To investigate the effect of the defects on iDMI for graphene/NiFe based heterostructures, the variation of ∆f as a function of spin-wave wave vector (k) for samples with t = 3 nm deposited at different Ar pressure is shown in Fig. 4(b) . The data is well fitted with Eq. (2).
The M s values used in the fitting are shown in Table 1 . These values are determined using BLS and FMR measurements and cross checked using vibrating sample magnetometer. The differennce in slopes of the linear fittings to the data points results from the variation of D in these samples. This variation of iDMI is likely due to the defect induced extrinsic spin-orbit coupling of graphene.
To further understand this behavior, we determined spin pumping from NiFe layer to graphene by FMR measurements. Similar to iDMI, spin pumping is also an interfacial effect, and hence a correlation between the two is expected, which is recently established in ferromagnet/heavy metal systems [18] . According to the theory of spin pumping, the effective damping parameter, α eff of the FM is given by:
here α 0 is the intrinsic Gilbert damping, whereas α SP is the damping due to spin-pumping effect, which is given by [2] :
where, g ↑↓ is the spin-mixing conductance, and h is the Planck's constant. Other parameters carry the same meaning as discussed earlier in this paper.
From the FMR data we determine, the spin-mixing conductance (g ↑↓ ) by performing NiFe thickness dependent study. In comparison to our reference samples (see Supplementary Material, Fig. S1 ), an enhancement of damping parameter was observed in the sample with graphene consistent with Eq. (3). This enhancement can be attributed to spin pumping as previously reported for this system [55] . there is a direct correlation between surface DMI constant and spin-mixing conductance, while both are found to be correlated with the increase in defect density. Hence, we conclude that defect induced extrinsic spin-orbit coupling may play a major role in the observed iDMI in these samples. Our detailed FM layer thickness and Ar pressure dependent study of iDMI will enrich the understanding on the observation and tunability of iDMI in these 2D
heterostructures for controlling chiral spin structure and magnetic domain-wall based magnetic storage, memory and logic devices. 
